ABSTRACT The three chief physicochemical theories of the oxygen-hemoglobin equilibrium in vogue 40 years ago still influence current thought on the problem. Although the Hill theory lost its fundamental basis some 40 years ago, the famous empiric equation to which it gave rise is still much used, as a useful phenomenological expression, only involving two disposable constants. The Haldane theory, of which a difference in aggregation of oxygenated and deoxygenated hemoglobin was a fundamental feature, lay for many years dormant but has recently had an astonishing reawakening through the work on lamprey hemoglobin, which clearly reveals such differences in aggregation. Lamprey hemoglobin might thus be called a "Haldane type" hemoglobin. Adair's four-stage intermediate compound theory still seems applicable in the case of hemoglobins such as those of sheep, whose tetramer molecules do not tend to dissociate into dimers, and which might therefore be called "Adair type" hemoglobins. Horse and human hemoglobins appear to reveal both "Haldane" and "Adair" behaviour. The effects of pH, temperature, and protein concentration on the oxygen-equilibrium of sheep hemoglobin are summarised, and it is shown that, although the equilibrium curves are often isomorphous over their middle range, intensive work at the top and bottom of the curves reveals considerable differences in the relative effects of these factors on the several equilibrium constants of Adair's four intermediate equations. In the last section an account is given of preliminary experimental attempts to interpret the oxygen-and carbon monoxide---equilibrium curves of whole human blood, under physiological conditions in terms of the Adair intermediate compound hypothesis.
io6 O X Y G E N -T R A N S P O R T I N G PIGMENTS
began research in this field. Some discussion of each of these theories may therefore serve as an introduction to certain of the recent investigations on sheep and human hemoglobin which will form the main subject of this paper.
1. A. v. HILL'S THEORY (1) This theory assumed that oxygenated hemoglobin (O~Hb for short) and deoxygenated hemoglobin (Hb for short) both exert an osmotic pressure in solution equal to 1/n times the osmotic pressure which they would exert, if present in solution as monomers, each containing one atom of iron. Hill thence deduced his famous equation where y is the fractional saturation of the hemoglobin with oxygen, p is the oxygen pressure in general, P0.5 is the oxygen pressure for half-saturation, and K and n are constants. At salt concentrations of ionic strength, 0.1-0.4 ~, the value of n was usually found to lie within the range 2.5 to 3.0, but declined towards unity as the ionic strength was reduced.
Differentiation of both sides of equation (1) with respect to p shows that if n is greater than unity, dy/dp should tend to zero at very low values of p, as the old experimental data on human blood did indeed seem to show (Barcroft, 2; see also curve B of Fig. 2 below) . This result, together with the excellence with which the experimental data over the whole range could be fitted by an equation containing only two disposable constants, did in fact place Hill's theory in such a dominant position that a great scientist and writer of the time, W. M. Bayliss (3) , was moved to warn that there was "some risk that the question of the oxygen-hemoglobin equilibrium might be considered, prematurely, to be settled." The replacement after World War I of the Haldane-Barcroft methods, for estimating combined oxygen in blood and hemoglobin solutions, by the VanSlyke gasometric techniques revealed that many of the earlier data were subject to a systematic source of error. Adair (4) , applying the more modern procedure to human blood, showed that dy/dp does not tend to zero at very low values of p, and furthermore that the calculated value of n in this range tends towards unity, only rising to the plateau value of 2.5 to 3.0 over the middle of the equilibrium curve. This conclusion was confirmed by Hastings (5) on unpublished data for horse hemoglobin by Van Slyke, Robson, and Hastings. In this paper it was shown that n likewise tends to drift back towards unity at high values of p. This variation of n with p has been abundantly verified by subsequent workers (see e.g. Fig. 3 in Roughton, 6) and is now generally accepted (see e.g. Wyman, 7) .
An even more important blow at the theoretical basis of equation (1) had also been struck by Adair's classical finding that n, as determined by direct osmotic pressure measurements, is (a) equal to 4 rather than 1 to 3 (as the oxygen equilibrium work had indirectly suggested), and (b) does not decline towards unity as the electrolyte concentration is reduced. A. V. Hill remarked to me recently that he thought that by 1930 "n" had died and been decently buried. Such was indeed true of Hill's theory, but his equation still continues in widespread use on account of its practical convenience, for over a wide range of the equilibrium curve (ca. 20 to 80 per cent saturation), n, as calculated empirically from the experimental data, frequently turns out to be approximately constant. In his recent review on "Linked functions and reciprocal effects in hemoglobin" W y m a n (7) has also made extensive theoretical use of n as a "phenomenological" parameter, defined empirically either by equation (1) or by one of the differential forms of the latter, viz.
The reader cannot but be struck by the ingenuity and fertility of Wyman's deductions, but his treatment, like the empiric use of the original Hill equation (1.1) does tend to concentrate attention on the middle of the equilibrium curve, where compensating factors are often involved, and does not fully emphasize some of the more clear-cut lessons to be derived from intensive study of the top and bottom of the curve. Careful work in these extreme regions has (see below) yielded conclusions which in some cases differ from, and might never have been suspected from, those drawn from the experimentally easier observations on the middle of the curve. Hill's equation will no doubt continue to be used for some, if not all, of its second half-century, but ! believe it would be an advantage, especially for the non-specialist, if its symbols could be altered so as to stress its limitation to the middle of the curve. A possible form might be
During the rest of the present paper n (mid) will be used for the value of n, as estimated empirically from the middle of the equilibrium curve.
HALDAN~'S TI-mORY (8) The general equation derived from this theory is as follows :--
where K, a, and b are suitable, selected constants. Equation (3) was worked out in his last year as a schoolboy at Eton by the late J. B. S. Haldane, whose death in the same week as that of this conference was and is widely mourned. Haldane's theory and the resulting equation have had a rather curious history. The theory, with its three disposable constants, was based on simplifying assumptions, which 50 years ago seemed rather far fetched and arbitrary, especially in their application to the oxygen equilibrium in whole human blood (see Appendix). It did not, in consequence, make nearly as great an impact as Hill's equation, and in fact soon faded out from the literature--not, as it turned out, into oblivion but into limbo. For, in the last 2 years, the Haldane concepts have had an astonishing resurrection, due to recent experimental findings, in certain cases, that deoxygenated hemoglobin has a greater tendency to aggregate into polymers than has oxygenated hemoglobin. Such a difference was a fundamental element of the Haldane scheme, according to which the reaction of oxygen with hemoglobin only occurs when the protein is in the monomeric form; i.e., 02 q-H b ~ O2Hb. The sigmoid equilibrium curve was explained by the differing equilibria of H b and O2Hb with their respective polymers, which latter, as already indicated, were not supposed to be concerned directly in the reversible reactions with oxygen.
3. ADAIR'S THEORY (4) Adair's classic discovery, just over 40 years ago, that the mammalian hemoglobin molecule is a tetramer containing four atoms of iron, led him to propose his well known intermediate compound theory, according to which oxygen (or other analogous ligands) reacts in four successive stages whence Hb4 + 02 ~ Hb402 equilibrium constant = K1 Hb402 + O~ ~ Hb404 equilibrium constant = K2 Hb404 + 02 ~ Hb406 equilibrium constant ---Ks Hb,O8 + 02 ~ Hb4Oe equilibrium constant = /£4 i.e., at dilutions four times greater than those used in our oxygen equilibrium studies. For this reason, together with others discussed in the next section on the hemoglobin concentration-dependence of the oxygen equilibrium, it has still seemed justifiable to interpret the sheep Hb data in terms purely of the four-stage Adair scheme without allowing for dissociation of the hemoglobin into subunits, as in the scheme of Haldane (8) and Briehl (16) . In a later section the effects of varying temperature, pH, and sheep Hb concentration are discussed in terms of the unmodified Adair theory.
The Protein Concentration-Dependence of the Oxygen-Hemoglobin Equilibrium--"Haldane" and "Adair" Type Hemoglobins
Lamprey hemoglobin has been demonstrated experimentally by Briehl (16) to show behaviour of the Haldane type, for in the oxygenated form it is monomeric but when deoxygenated it tends to aggregate into dimers, and to an increasing extent--in accordance with the law of mass action--as the protein concentration is raised. Assuming with Haldane that it is only the monomeric form which can react reversibly with oxygen, it can be shown that p 0. (18) reported that p0.5 only rises from ca. 9.4 to 12.4 torr when the protein concentration is raised from 0.5 to 62.5 gm/liter. For sheep hemoglobin in 0.2 M borate buffer, pH 9.1, 19°C, Roughton et al. (13) found a concentration effect between 4 and 30 gm/liter, P0.5 at the latter being ca. 1.3 times greater than at the former concentration. In this relatively high concentration range Riggs (17) is correct in stating that the effect is "precisely the same" as in the case of the electrolytically fast component of tadpole hemoglobin. In the lower concentration range, however, the situation is apparently different for, on the basis of the available data, Roughton (6) reports no appreciable fall in p0.5 when the sheep hemoglobin concentration is reduced from 4 to 1.3 gm/liter whereas the P0.5 for Riggs' tadpole hemoglobin decreases by about 30 per cent over the same concentration range. It seems possible that the increased p 0.5 in sheep hemoglobin solutions at 4 g m / liter may be due not to dissociation but to the effect of Van der Waals forces between the heine groups of neighbouring protein molecules: such forces are generally supposed to vary inversely as the seventh power of the intermolecular distance, and their effect should thus cut off quite sharply as the dilution is increased. It is true, as Briehl (16) has pointed out, that if oxygenated and deoxygenated hemoglobin tetramers dissociate to an exactly equal extent there should be no concentration-dependence of p0.5 • So far, however, it has been found that if dissociation occurs at all, it occurs more markedly with oxygenated than with deoxygenated hemoglobin: this principle does indeed apply to the dissociation of human hemoglobin on progressive dilution (Gilbert, 19 ).
Haldane's original idea that hemoglobin only reacts with oxygen when the protein is in the dissociated form, implies an extremely high affinity of the latter for oxygen (or other analogous ligands such as carbon monoxide), especially in the case of hemoglobins, like those of sheep, in which no dissociation has so far been detectable by the analytical ultracentrifuge. The Haldane idea, though thermodynamically tenable, runs into difficulties from the kinetic viewpoint when applied to the hemoglobin of sheep blood. A very high affinity might imply either (a) a faster rate of ligand combination than would be per-I I I mitted by the limiting effect of diffusion on the maximal rate of chemical reactions in solution, or alternatively (b) such a slow rate of dissociation of the ligand from combination with the protein, as would make the hemoglobin useless as an oxygen carrier during the short periods (of the order of a second) in which it has to function in the circulating blood. A further difficulty as regards the possibility of a very high rate of combination of ligand with dissociated hemoglobin is that Roughton (20) was unable to detect any change in the velocity constant of combination of carbon monoxide with sheep hemoglobin over the range 2 to 0.06 gm Hb/liter, although the concentration of dimer would be expected to increase five to six times over such a range. This finding together with the other points brought forward in this section, constitutes a rather strong body of circumstantial support for treating sheep hemoglobin as a stable tetramer, in regard to the physical chemistry of its reactions with oxygen, and it is accordingly on this basis that the sheep hemoglobin-oxygen equilibrium data have been handled in the next section. It may perhaps, indeed, at this stage be permissible to postulate two extreme types of hemoglobin. The first of these types, in which it is suggested that it is legitimate to use the four-stage intermediate compound theory in unmodified form, might be called an Adair type hemoglobin. The second type, to which lamprey hemoglobin seems preeminently to belong, might for obvious reasons be called a Haldane type hemoglobin. Betwixt and between would be hemoglobins showing both types of behaviour.
H u m a n hemoglobin, unlike sheep hemoglobin, is definitely dissociated by strong urea solutions, and also by dilution at physiological pH (7.1) and ionic strength (0.1 M). Thus under the latter conditions Gilbert (19) reports that at 100 gm Hb/liter, about 98 per cent human oxygenated hemoglobin is in the tetramer form, whereas at 1 gm Hb/liter the tetramer amounts to about 84 per cent of the whole. These results, which in Dr. Gilbert's words "must be treated as provisional, but the order of magnitude of the results is likely to be right," suggest that human hemoglobin may show some Haldane as well as Adair behaviour and its oxygen equilibrium (unlike that of sheep hemoglobin) would thus, in dilute solution, be inappropriate for application of the unmodified Adair theory. Inside the human red cell, however, wherein the Hb concentration is of the order of 400 gm/liter at least 99.2 per cent of the hemoglobin might on the basis of Gilbert's figures, be in the tetramer form; if, in accordance with the views of Perutz, the hemoglobin molecules are so packed as only to be able to rotate the maintenance of a dynamic equilibrium between tetramers and the very small percentage of dimers might be seriously impeded, and the reaction of oxygen with the two forms might proceed almost independently of one another. In the last section of this paper a preliminary attempt is made to treat the oxygen equilibrium of whole human blood under physiological conditions in terms of the unmodified Adair theory, and some comments will be given there as to possible complications not only from the presence of hemoglobin dimers in the red cell but also from other factors.
The Effect of Various Factors on the Oxygen Equilibrium of Sheep Hemoglobin, As Interpreted by the Adair Intermediate Compound Hypothesis
For this purpose it has been necessary to evaluate the four individual intermediate equilibrium constants of equations (4.1) 
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If F is greater than 1, there is positive enhancement whereas if F is less than 1, there is negative enhancement. electrophoretic types had been recognised, but the sheep hemoglobin used in this earlier work was probably also of type A.
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Effect of pH
The experimental data at pH 7.1 and pH 9.1 in Table I liquid system containing whole human blood at pH 7.4, pCO~ --40 torr and temperature --37°C, sufficient lactic acid is injected to lower the pH to 7.25, the oxygen pressure, as recorded by an oxygen electrode, is increased in the same proportion over the whole range of the equilibrium curve up to about 95 per cent saturation, but above this the proportionate increase in oxygen pressure drops off progressively and markedly In preliminary experiments on the top of the carbon monoxide-hemoglobin equilibrium curve I have noted a similar decrease in sensitivity to pH. Riggs (17) mentions even more clear-cut effects of the same kind in human hemoglobin treated with N-ethylmaleimide and horse hemoglobin treated with mersalyl.
Effect of Temperature
The equilibrium data at 0 and 19°C (in Table I ) also yield curves which are isomorphous over the main range, though not at the extremes (see Roughton et al., 13, Fig. 2) . Application of the Van't Hoffisochore, 0 In K _ Q ,gives OT RT 2 calculated values for the heats of the four intermediate reactions (Q1, Q~, Q3, and Q4) and also for the average heat of combination with oxygen, Q = ~ (Q, -1-Q2 --}-Qs + Q4). Table II shows the values of Q1, Q, and Q4 for sheep hemoglobin at pH 9.1 (13) and for human hemoglobin at neutral pH, at very low salt concentration, and in 1.0 u NaC1, as calculated from the recent data of Enoki and Tyuma (26) . In all three cases Q~ is seen to be significantly greater than Q4, but the arithmetic mean of Q1 and Q4 is fairly close to Q~, as must also therefore be the arithmetic mean of Q2 and Q3. No values of Q2 and Q3 are quoted in Table II , owing to the difficulty of obtaining the corresponding equilibrium constants sufficiently accurately.
The heat of combination of hemoglobin, per gram mole of oxygen, as measured by direct calorimetry, has so far been found to be independent of percentage saturation over the range 25 to 85 per cent (Roughton, 27; Chipperfield and Roughton, 28) . This might be explicable even on the basis of the figures in Table II , ff Q2 is significantly less than Q but Q3, on the other hand, is correspondingly greater than 2 : the heat of combination per gram mole at the bottom of the equilibrium curve (i.e. over the range 0 to 4 per cent saturation) would, however, still have to be appreciably higher than Q. Recent attempts to verify such a difference by direct calorimetry have so far failed, but unfortunately the corresponding temperature effects would only be of the order of 0.00015 °C which is at or beyond the limit of the present experimental methods. There is, however, a possible kinetic indication for Q1 being abnormally high. According to standard physicochemical theory Q1 = E~ -E1 (6) where E, p and E1 are the respective energies of activation of the reactions Hb4 + 02 -+ Hb402 and Hb4 02 --+ Hb4 + 0 2 . Now the velocity constant of the reaction Hb4 + 02 --~ Hb402 is kinetically abnormal in being unaffected by temperature (Hartridge and Roughton, 29; Gibson, 24) and therefore E,' --0. Unless E1 is also abnormal, Q, would, in accordance with equation (6) be expected to be exceptionally high.
Effect of Concentration
The main effect appears to be on K1, which is increased about three times by lowering the hemoglobin concentration from 30 gm/liter to 1.2 gin/liter. /£4 is practically unaltered, whereas Ks and K3 seem to move in opposite directions though their geometric mean ~/K2K, which, as already mentioned, is more reliably determinable, hardly changes significantly. Possibly Van der Waals effects between adjacent hemoglobin molecules have a greater relative effect on the combination of the first oxygen molecule than on the later molecules.
Effect of Ionic Strength
Barcroft and Roberts (30) were the first to show that the oxygen equilibrium curve of dialysed hemoglobin, at very low ionic strength, tended to be hyperbolic, though later work (see Adair, 4) showed that when pH effects were allowed for, the curves became appreciably more sigmoid, n (mid), as thus corrected, being equal to 2.04, instead of 1.59 (uncorrected). Barcroft's classical work, though open also to other possible criticisms, has, however, been generally confirmed by later studies: for example Rossi-Fanelli, Antonini, and Caputo (18) report that n (mid) for human hemoglobin rises from a value of about 1.5 in 0.0003 M NaG1 to about 2.8 in 3 M NaC1, n (mid) being linearly related to the logarithm of the salt concentration.
No estimates have yet been made of KI, K2, K3, and K~ for sheep hemoglobin at very low ionic strength, but in the case of human hemoglobin the recent data of Enoki and Tyuma (26) suggest that the main effect is on KI, indeed much more markedly so than in the case of varying hemoglobin concentration. Thus in their Table I they report that at 23°C in "no salt" K1 = 0.60 and K4 = 1.28, whereas in 1.0 u NaC1 K1 = 0.04, K4 --0.62.
All the factors considered in this section thus have relatively less effect on the equilibrium of the fourth, and last, of the intermediate reactions (i.e. Hb4Oe 4-O~ ~---Hb4Oe), which does indeed resemble the simple equilibrium of oxygen with the monomer myoglobin (i.e. Mbg 4-O2 ~ MgbO2) in this respect; e.g., especially in the small effect of pH on the latter. The affinity of the fourth oxygen for mammalian hemoglobin may thus correspond to a basic property of the heine group, the lower affinity of the first oxygen reaction at moderate ionic strengths representing an inhibition relative to that of the fourth reaction. "Interaction" or enhancement might thus be regarded not so much as a positive effect, but, in a more negative sense, as a removal of inhibition. This "inhibition" of the first oxygen combination is much less pronounced as the ionic strength is reduced, due presumably to the electrostatic effects associated with the latter.
Interpretation of the Oxygen Dissociation Curve of Whole Human Blood under Physiological Conditions in Terms of the Adair Intermediate Compound Hypothesis
In a contribution to the recent symposium on "Oxygen in the Animal Organism" organised jointly by the International Unions of Biochemistry and Physiological Sciences (6), I listed several objections to applying the Adair hypothesis to a quantitative determination of K1, Ks, K3, and K4 in whole blood under standard physiological conditions, i.e. plasma pH 7.4, pCO2 = 40 torr, 37°C (S.P.C. for short): The more important obstacles are as follows :--1. Adair's theory, as originally formulated (4), is for ideal solutions of hemoglobin whose osmotic pressure is proportional to the concentration. At the concentrations in the red cell there is a fourfold or greater deviation from ideality. 2. The binding of COs to hemoglobin in the carbamino form affects the O2-Hb equilibrium: allowance for this factor has not yet been fully worked out. 3. No specially accurate data at the bottom and top of the equilibrium curve have hitherto been available for whole blood (S.P.C.). These three objections were all overcome in the work on sheep hemoglobin solutions, summarised in the last section. Thus in the diluted solutions used, the osmotic pressure of the hemoglobin was proportional to concentration, and by working at zero CO2 pressure, it was possible to avoid possible complications arising from the presence of carbamino compounds. 
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Fmum~ 1. Relationship between per cent saturation and oxygen pressure at the "bottom" of the equilibrium curve for the whole blood of two men under physiological conditions. ×, CC.S., ©, R.W.K.
During the past year Dr J. C. Kernohan and I (unpublished) have eliminated the third of these objections by adapting to whole blood (S.P.C.) the special methods used by Roughton and his colleagues (6, 13, 22) for obtaining especially precise points at the bottom and top of the equilibrium curve. Fig. 1 shows preliminary results on the blood of two healthy men, in the range 0 to i per cent saturation, the determinations being accurate to ca. ± 0.02 per cent saturation. It will be seen that the two points for each blood fall on straight lines, from the slope of which K1 can be calculated by means of the limiting equation K1 --4 × y/p. The values thus obtained are 0.0195 and 0.0258 torr -1 respectively: this difference (ca. 28 per cent) between the two individual bloods is only slightly greater than that seen in the range of values of p0.6 (i.e. 23 to 29 tort) for normal human bloods (S.P.C.), reported by Bartels et al. (31) .
Preliminary experiments on the top of the carbon monoxide-hemoglobin equilibrium curve have given for whole human blood (S.P.C.) a value for L4 = 68 torr -~ and for L3 = 10 torr -~ where L3 is the equilibrium constant points falling close to the modern standard oxygen-equilibrium curve of h u m a n blood (S.P.C.), shown as the dotted line curve in Fig. 2 . It was accordingly decided to evaluate by automatic computation (for which m y warmest thanks are due to Mr. Richard Clasen of the R a n d Corporation, Santa Monica, California) the best values for K2 and K3 from the points at 10, 20, 30, 40, 50, 60, 70, 80, and 90 per cent saturation on the standard equilibrium curve S of Fig. 2 , assuming that K4 = 0.31 (as above), and K1 = 0.0219, the latter being within 3 per cent of the mean of the values of K1 for the two bloods plotted in Fig. 1 . The values so computed were K2 --0.0427 (4-0.019) and Ks = 0.00842 (4-0.002). The root mean square of the deviations between the observed results and the results calculated with these four values of/£1, K2,/(3, and/£4 was 0.48 per cent saturation, the maximum discrepancy being 1.32 per cent saturation. Such an agreement (with one reservation mentioned later) is as good as can be expected in view of the experimental error (i.e. 0.5 to 1 per cent saturation) over the middle range of the equilibrium curve.
The "standard" curve S of Fig. 2 is very close to the relatively recent standard curve published by Bartels et el. (31) , which was based on the bloods of ten men and four women and differs significantly from that of the earlier Dill curve (32) in the lower third. The actual results used for the evaluation of /{'2 and K3 are given in Table III , together with the average results of Bartels, the occasional slight differences from the latter being due to the inclusion of allowances for the data of other recent workers. I am greatly indebted to Dr. J. Severinghaus (33) for his advice in this respect, and for keeping me posted as to the progress of his current, and much more comprehensive, compilation of the best standard equilibrium curve from existing data. His most recent figures are everywhere within -4-0.3 torr of the oxygen pressures given in Table III for curve S.
In the above example, it is seen that F2 = 4 and F3 = 2.3, i.e. there is positive enhancement both at the second and third stages of oxygen combination, in contradistinction to the views of Margaria and his collaborators (34) , who have in recent years taken up with avidity the thirty year old tentative suggestion of Forbes and Roughton (9) that F2 --F3 = 1, as is nearly so in the case of the data at p H 7.1, for dilute sheep hemoglobin in Table I . The differing conclusions of Margaria et al. (34) are largely to be accounted for by their use of older data, in which the affinity of hemoglobin for oxygen at the bottom of the equilibrium curve was taken to be about twice as great as is now thought to be the case. Further experimental work on the top, bottom, and middle of the human curve (S.P.C.) is obviously needed and is being undertaken in our laboratory.
A few preliminary observations at the bottom of the carbon monoxideequilibrium curve of whole human blood (S.P.C.) have recently been made in our laboratory and indicate a value of about 5 for L1. Assuming also, as above, that L3 = I0 and L, = 68, it is then possible to calculate the only remaining equilibrium constant, L2, from the carbon monoxide equilibria data of Joels and Pugh (35) over the range 20 to 80 per cent saturation. The average value of L2 so obtained = 1.7, and the corresponding value of F2, i.e. 1.1, indicates little or no enhancement for the second stage reaction, as compared with an enhancement factor of 4 for the second stage reaction in the case of the oxygen-hemoglobin equilibrium (S.P.C.). On the other hand there is about five times greater enhancement at the third stage in the case of the carbon-monoxide equilibrium. * It is also worth looking at the matter from the viewpoint of Haldane's second law, according to which LI/K1 = L2/K2 = L3/t(3 = L4/K4 = M (Roughton, 22) . The present preliminary values of the constants for the COand O~-equilibria of whole human blood (S.P.C.) give L~/K1 = 230, L2/K2 = 40, L3/K3 = 1190, L , / K 4 = M = 220. Thus Haldane's second law is closely followed in two of the four cases and grossly disobeyed, and in opposite directions, in the other two cases. It is hoped, in the near future, to examine this question more thoroughly; in the meanwhile it may be noted that the fivefold anomaly in regard to La/_l~a might explain, at any rate in part, the marked experimental departure from Haldane's second Law which Roughton (22) reported experimentally for sheep hemoglobin solutions, at pH 7.1, in the range 97.5 to 99.5 per cent saturation. On the other hand, at pH 9.1, the experimental data on sheep hemoglobin solutions in the same saturation range tallied quite well with Haldane's second law (Roughton, 22,  Fig. 4A ), and in line therewith L#(average value of/fa) was found to be about 55/0.185, i.e. 297, which only differs by some 20 per cent from the average value of M for sheep hemoglobin at pH 9.1, 19°C. * Previous quantitative attempts (see e.g. Gomez, 36, and earlier references cited therein) to interpret the equilibrium curve of whole blood (S.P.C.) quantitatively in terms of the Adair theory have been based largely on Dill's standard curve for the average of three adult men (see curve D in Fig. 2) or on the less complete data on the blood of a number of different mammalian species (Bartels et al., 31) . Small negative values of/f3, which are, of course, chemically meaningless, have been reported; there seems, however, no doubt that Dill's standard curve is atypical in the range below about 25 per cent saturation, for all recent results in this range fall definitely below the Dill curve by amounts of up to 3 per cent saturation. Use of the more modern standard curve, together with the new, and specially precise, data at the two ends of the curve, eliminates the tendency of/f3 to be negative, and the general fit with the Adair equation is now fairly satisfactory, except, it must be ad- mitted, in the region of about 85 to 97 per cent saturation, where the calculated points tend systematically to fall below curve S of Fig. 2 by an amount equivalent to 1 per cent saturation or slightly more, though there is a good fit with the Dill curve in this upper range. It is hoped soon to carry out new gasometric estimations, of the highest accuracy currently available, in order to try and settle the issue. Aside from this possible area of uncertainty there now seems no experimental support for Gomez's suggestion--which is, of course, extremely unlikely from the physicochemical viewpoint--that K~ for hemoglobin inside the red cell varies with the per cent saturation. Gomez's (36) further difficulty that the function y/p (1 -y) when plotted against p gives, in the case of whole blood (S.P.C.), a curve convex to the pressure axis up till 99.85 per cent saturation (see his Fig. 1) , whereas in the case of sheep hemoglobin at p H 9.1, a quite different type of curve is obtained, tending asymptotically to a fixed value (see his Fig. 2 ), is actually explicable in the very way, which he suggests as a possibility, namely that under physiological conditions K # K 4 is far smaller than at p H 9.1. There is again no need to assume a difference of kind in the behaviour of the hemoglobin in the two cases.
